Abstract. For rapid and effective recovery from a flood disaster, an anti-disaster headquarters must not only assess the extent of damage, but also possess overall knowledge of the possible anti-disaster measures. However, in an anti-disaster headquarters, the personnel possess specialized knowledge, and the prospective measures and services helpful to people affected by disasters tend to go unnoticed. In order to provide overall knowledge of the possible anti-disaster measures, we analyzed the measures undertaken in previous flood disasters and visualized the structure of these measures using networked graphs. In this paper, we describe our analysis method and our implementation of a visualizing system. Our analysis helps the personnel to grasp the underlying knowledge of flood disasters by clarifying a few categories of the undertaken measures and the links between them.
Introduction

IPCC (Intergovernmental Panel on Climate Change)
1 and ICHARM (International Centre for Water Hazard and Risk Management) 2 have reported that because the frequency of extra-tropical cyclones has increased due to the greenhouse effect, the risks of flood disasters and localized heavy rains have increased. Thus, over the last few decades, the demand for techniques that prevent or reduce flood damage has increased worldwide. To prevent or reduce the damage caused by flooding, an anti-disaster headquarters must possess a overall knowledge of the possible anti-disaster measures. However, the anti-disaster headquarters' personnel have specialized knowledge, and prospective measures and services for people affected by disasters tend to go unnoticed.
In order to provide overall knowledge about the possible anti-disaster measures, we analyzed the measures undertaken during previous flood disasters, and Budget, Any financial issue can be settled afterwards. The head of ImmediatelyAfter, municipality must prove that we can afford the refugee costs. HeadOfMunicipality visualized the structure of these measures using networked graphs. In this paper, we describe our analysis method and our implementation of a visualizing system. In order to construct overall knowledge on flood disaster measures, data of these measures should be collected not only from the city center staff, but also from victims of such disasters across various stricken sites. We collected real-life data, but to complement this information, we referred to a book titled "Know-hows of prevention, reduction, and recovering of flood disaster-message from the stricken areas" [1] . The book contains case studies and guidelines in the event of flood disasters. The contents are divided into three categories: usual, happening, and recovering. While the book structure was well designed for antidisaster headquarters personnel, who need quick reference to such measures, we believe that the book could be restructured to a different point of view, for example, people and places. Basically, the content of the book is restricted by a "tree" structure (e.g., chapters and sections), which cannot adequately represent the complicated structure of flood disaster measures. Therefore, we analyzed the contents of the book and compiled an underlying structure as a network graph.
Related Work
Many researchers investigated and reported the cause analysis and measures of flood disasters [2] [3] [4] . Each study is effective for accumulating information on the prevention and reduction of damage, and under similar conditions, each local case can be adapted to other areas. Based on convergent thinking, our research aims to develop a analysis method using various flood disaster measures. A geographic information system (GIS) [5] is often utilized for creating hazard maps and decision support systems. Data obtained from satellites [6] can also be effective in monitoring and mining the risks. Kobayashi et al. developed a tangible interface for the collaborative simulation of flood disasters [7] . Utilizing such solutions can help reduce the potential damage. We also plan to consider and support the decisions of anti-disaster headquarters, but with the intention of updating the headquarters of the overall structure of flood disaster measures, especially in terms of long-term recovery.
Graph drawing techniques, such as the Bipartite Graph [8] and its threedimensional representation [9] , were conducted and visualization methods of social networking [10, 11] were also proposed. This paper describes the adoption of such graph drawings and analysis techniques for mining flood disaster measures.
Procedure
To extract the underlying structure of the book, we created a network graph of the words and visualized it. The visualized network graph provided an alternative perspective of the target domain and helped in the acquisition of overall knowledge.
We chose 828 sentences that contain concrete cases and measures from the know-how book. In this paper, we refer to the text as source text. Because the source text involves unnecessary elements such as prepositions, brackets and punctuation, and also because the text is written in Japanese, we first separated the words in the sentences using MeCab 3 , which is a fast Japanese morphological analyzer. We then selected idioms that should be concatenated.
The source text was suitable for retaining the original context of measures. However, we found that the original terms, especially, those which appeared in Japanese text, made the network clusters sparse because of their ambiguity and variety. Hence, we manually labeled several keywords to correlate the original context to the source text. Table 1 lists some examples of the keywords corresponding to the original sentences. Note that the sentences in this example were translated by the authors and are not the original text in the know-how book. Labeling can be performed by introducing keyword mapping rules, which automate the labeling for further target texts. Table 2 lists the keywords and their frequency of use.
Next, we visualized the relationships of the know-hows for extracting knowledge about flood disaster measures. For that purpose, we developed a system for drawing a network graph. The Data window (Figure 1) consists of six tabs. The Source and Keyword tabs manage the source text and extracted keywords, respectively. The remaining four tabs correspond to a control panel for each method in the construction of the network.
The user first inserts source text into the Source tab. Each line of the source text contains the know-how ID and keywords regarding the know-how, separated by ' '. After clicking the Extract Keyword button, the user can construct the network and browse through the graph using the Graph window (Figure 2) . The graph drawing function is powered by the prefuse toolkit [12] . We employed the Graph View demo to visualize the networks. Using the Graph window, the user can control the coefficients of the spring graph algorithm such as the spring force and default edge length. The connectivity filter allows the user to focus on a particular node and its surrounding local network by detaching the peripheral links.
Keyword Network with Know-How Text Node
The following section describes our experiences in extracting knowledge through the graph drawing system. First, we visualized the know-how keyword network in the most straightforward way: keywords and know-how IDs as nodes and relationships among them as links. Figure 3 shows a network built using this simple method. The figure on the left is the entire graph, which includes 2,539 links among 828 know-how nodes and 188 keyword nodes. The magnified figure is in the center. On clicking a node, the system highlights the connectivity. However, it was difficult to comprehend such a complicated structure. The figure on the right is the local view of the graph created by skipping over two hops from "Electric Appliance." From the graph, we can observe that the keyword "Recycle" shares five know-hows with "Electric Appliance." However, such data can also be observed by calculating the co-occurrence of keywords. 
Keyword Network without Know-How Text Node
To focus on the structure of "keywords," we considered two methods. The first method was to eliminate the know-how ID nodes and to join all neighboring keyword nodes with links. Figure 4 shows the resulting graph, which involves 3,450 links among 188 nodes. Because of the frequent occurrence of keywords, the network was too dense, and the structure could not be observed. The second method was similar to the first one, except, only the most frequent keyword in the know-how text could link to another keyword appearing in the same knowhow text. Figure 5 shows the resulting graph, which consists of 1,691 links. Although this method reduces the links by half, it is still dense. 
Co-occurrence Keyword Network
To reduce the links in a more appropriate manner, we considered a method that utilizes the co-occurrence of the keywords in the know-how text. The method first calculates the frequency of co-occurrence for all the keywords. Table 3 lists the number of keyword pairs, categorized according to their degree of cooccurrence. Figure 6 also plots the same data on a logarithmic y-axis. This method allows the user to estimate the number of links and highlight them by selecting the degree of co-occurrence. Figure 2 shows the resulting graph with colored links, which involves 670 links over one co-occurrence. Figure 7 shows the graph of the keywords with 6-24 co-occurrence degrees. Table 4 lists keywords with 7-24 co-occurrence degrees; their links are shown in red. From the graph, we can observe some clusters that involve similar words. For example, the keywords "Disposal," "Earth & Sand," "Industrial Waste," "Garbage," and "Garbage Separation," construct a cluster of "Garbage." The "Publication" cluster relates to "Mass Media," "Refugee Counsel," "Radio Broadcasting," and "Communication Method." Similarly, "Victims," "Distribute," "Supply," "Refugee Place," "Foods," and "Storing" appear in the same cluster. We also believe that the other connections and distances in the graph are Table 4 is also helpful, but the spatial layout of Figure 7 provided us with a good representation of the network structure of flood disaster measures.
Conclusion and Future Work
In this paper, we discussed our trials to analyze the network structure of flood disaster measures through the interactive visualization of graphs. Although the methods employed were simple and straightforward, we confirmed that these techniques can help highlight the meaningful data for flood disaster measures. In the future, we will improve the system to accept new measures posted by the anti-disaster headquarters' personnel and citizens, and dynamically construct a feasible network diagram. We hope that the overall knowledge provided by the system assists not only the anti-disaster headquarters but also citizens, and improve the quality of disaster-recovery services.
